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Ou tline

— Introd u ction

— M BE g row th a nd  cha ra cteriza tion

— Assessm ent of tra nsport properties

— Diod e perform a nce

— W a nnier Sta rk  Loca liza tion
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InAs/(G a In)Sb Su perla ttices for IR Devices:

• Hig h responsivity a t norm a l incid ence: Short integ ra tion tim es
• Ba nd g a p tu na ble in the com plete M IR  (3 - 20  µm )
• Photovolta ic d etection m od e
• Red u ced  Au g er recom bina tion: Hig h tem pera tu re Opera tion
• III-V Processing
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Ba nd  a lig nm ent of InAs/(G a In)Sb su perla ttices

• Brok en g a p type IIB

• 0  <  Eg  <  0 .4 eV
(20  µm  <  λ <  3 µm )

(G
aI

n)
Sb

In
A

s

(G
aI

n)
Sb

In
A

s

cb

vb



Institu t

Festk örperphysik
Ang ew a ndte

Fra u nhofer
IAF

 6

M BE g row th cond itions
V/III BEP ra tios:

Sb/(G a +In) : 2 - 4.5
As/In: 5 -8

G row th tem pera tu res: 360  OC - 440  OC
G row th ra tes: (G a In)Sb 1.35 µm /h

InAs   0 .35 µm /h
a ) Alterna ting  IFs

G rou p III soa k s correspond ing  to d eposition of 1 M L
b) M ixed  IFs

no g rou p III soa k
As va lved  cra ck er cell: Tc = 80 0  OC
Sb va lved  cra ck er cell: Tc = 80 0  OC
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Ra m a n: Alterna ting  vs m ixed  interfa ce
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Stra in a d ju stm ent by interfa ce eng ineering

• Net stra in
• SL period

⇒ 1 µm  SL sta ck :
⇒  ∆a /a  <  2 x 10 -3
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Hig h resolu tion X-ra y d iffra ction

• Net stra in
• SL period

⇒ 1 µm  SL sta ck :
⇒  ∆a /a  <  2 x 10 -3
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X-ra y a na lysis
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Hom og eneity a cross a  2“ w a fer
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Va ria tion of the ba nd  g a p
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Asessm ent of the resid u a l ba ck g rou nd
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M a g netotra nsport
•Determ ina tion of ca rrier
concentra tions ni a nd  m obility µi

⇒ ba ck g rou nd :  n <  1 x 10 16 cm -3
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M obility Spectru m  Ana lysis (M SA)
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In-pla ne tra nsport properties

Ca rrier concentra tion M obility
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Resid u a l Ba ck g rou nd  Concentra tion
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Bürkle, Fuchs, Schmitz, Pletschen,
Applied Physic Letters, Vol. 77, 1659 (2000)



Institu t

Festk örperphysik
Ang ew a ndte

Fra u nhofer
IAF

 18

Ou t-of-pla ne tra nsport properties (resu lts)

• Electron d iffu sion cu rrent
m a k es u p 70  % of tota l d iod e
cu rrent

• Ou t-of-pla ne electron m obility
µn = 1,20 0  cm 2/Vs

⇔ In-pla ne electron m obility
µn = 10 ,0 0 0  cm 2/Vs from  Ha ll
m ea su rem ents
⇒ Red u ction d u e to sca ttering

a t the SL interfa ces
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L. Bürkle, F. Fuchs, R. Kiefer, W. Pletschen, E. Sah, J. Schmitz
Mat. Res. Soc. Symp. Proc. Vol. 607, p.77 (2000)



Institu t

Festk örperphysik
Ang ew a ndte

Fra u nhofer
IAF

 19

PL intensity vs g row th tem pera tu re
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PL intensity vs ca rrier concentra tion
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K orrela tion PL vs Diod e Perform a nce
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CV m ea su rem ents (possible if R0A > 10 0  Wcm 2)
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C-V m ea su rem ents
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Diod e perform a nce

Fuchs, Bürkle, Hamid, Pletschen, Schmitz,
Proc. SPIE, 4288, p.171 (2001)
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Processing
(a) Top Contact

(b) Definition of Mesa

(c) Bottom Contact

(d) Passivation

(e) Etching of Contact Holes
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Cha ra cteriza tion of InAs/G a InSb su perla ttice d iod es

n - contact

window

p - contact

GaSb substrate

GaSb buffer layer100 nm

8 ML InAs / 8 ML Ga0.85In0.15Sb : Be90 x

GaSb : Be contact layer500 nm

8 ML InAs / 8 ML Ga0.85In0.15Sb40 x

8 ML InAs : Si / 8 ML Ga0.85In0.15Sb20 x

InAs : Si contact layer20 nm

n - contact

p - contact

p

p (nid)

n

passivation



Institu t

Festk örperphysik
Ang ew a ndte

Fra u nhofer
IAF

 27

Effective ba nd  a lig nm ent of a n InAs/(G a In)Sb SL Diod e
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Responsivity of InAs/(G a In)Sb SL Diod es (la yer thick ness 1 µm )
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IV Cha ra cteristics
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IV Ana lysis of 10  µm  IRSLs
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Tem pera tu re d epend ence of R0A

• Lim ited  by G -R cu rrents a t
low er tem pera tu res

• M inority ca rrier lifetim e: 13 ns
G -R lifetim e: 28 ns
(resu lts d epend end  on m od el)

• Su ppression of tra p-a ssisted
tu nneling  d u e to
− low  tra p d ensity
− la rg e ou t-of-pla ne red u ced

effective m a ss
10 20 30 40

10 -2

10 0
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Lim ited by tu nneling
via  epita xia l defects

Diffu sion lim it
G -R lim it

Tem pera tu re  T  [K ]

λc = 8.7 µm    (Eg  = 143 m eV)
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 Diode w ith epita xia l defects
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Sing le-elem ent d iod es: BLIP a t 77 K
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Noise M ea su rem ents

⇒ Noise Cu rrent ⇒ Detectivity

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1
10-14

10-13

10-12

10-11

10-10

f = 1000 - 1195 Hz

T = 77 K

 M ea su red Diode Noise
 Shot Noise

 

 

N
oi

se
 C

ur
re

nt
  I

  [
A

/H
z0.

5 ]

Voltage  V  [V]

-0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1

1010

1011

1012

Rλ = 2 A/W

T = 77 K

D
et

ec
tiv

ity
  

D
* 

 [J
on

es
]

Voltage  V   [V]



Institu t

Festk örperphysik
Ang ew a ndte

Fra u nhofer
IAF

 35

Su rfa ce lea k a g e cu rrents: Pa ssiva tion (8 µm  cu t-off)

Su rfa ce lea k a g e cu rrents:
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Inverse RoA versu s Perim eter/Area , 10  µm  cu t-off
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W a nnier-Sta rk  loca liza tion
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W a nnier-Sta rk  loca liza tion a nd  Zener tu nneling
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Oscilla tions observed  in the d yna m ica l im ped a nce
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L. Bürkle, F. Fuchs, E. Ahlswede,
W. Pletschen, J. Schmitz,
Physical Review B 64, 045315 (2001)
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W a nnier-Sta rk  Oscilla tions in a  M a g netic Field
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W a nnier-Sta rk  loca liza tion observed  in the photoresponse
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http//www.iaf.fhg.de/buisan/frames_e.htm

—  Summary

• High Reproducibility of MBE growth

• Residual background in low gap SLs º 5 - 8 x 1015 cm-3

• Detector performance, cut-off 8 µm - 10 µm: D* > 1012 Jones - 2 x 1011 Jones)

• Stable passivation tested for 256 x 256 FPA hybrides

• Observation of Wannier-Stark localization
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